Abstract GC (cisplatin and gemcitabine) and MVAC (methotrexate, vinblastine, Adriamycin [doxorubicin], and cisplatin) have been the standard systemic chemotherapy in advanced urothelial carcinoma. These regimens have shown significant response rates in this patient population. Nevertheless, disease does recur with most patients who unfortunately do succumb to the disease. Research efforts are focused in several different areas of therapy, targeted therapy, and immunotherapy. Further efforts include those in improving understanding of the molecular biology of urothelial carcinoma which may lead development of biomarkers that may enhance therapeutic index. This paper reviews recent advances in the treatment and ongoing study of molecular biology of urothelial carcinoma.
Introduction
In the 1980s, platinum chemotherapy showed significant response in metastatic urothelial carcinoma. Since then, research efforts have established platinum-based combination chemotherapy to be the standard front-line systemic therapy for patients with advanced urothelial carcinoma. These combinations are associated with response rates up to 70% in patients, with 10%-20% of patients showing complete response. However, disease ultimately recurs in most patients, and leading to death in majority of these patients not too long after disease recurrence. Second-line chemotherapeutic agents are associated with response rates up to 20% with modest progression-free survival (PFS) ranging from 2-4 months, leaving much to be desired in the treatment of these patients. To this end, recent efforts involve diversified areas of study, which mirror efforts and advances seen in other tumor types. Broadly, these areas involve further investigations in cytotoxic chemotherapy, targeted therapy including the vascular endothelial growth factor (VEGF) and epidermal growth factor receptor (EGFR) pathways, and lastly, immunotherapy. Most of the studies in the latter 2 categories are in their early stages and will require time to mature for final and more definitive results. Furthermore, efforts are also concentrated in the study of biology of urothelial carcinoma, including biomarker development for prognostic as well as predictive utility.
Cytotoxic Chemotherapy
Currently, platinum-based regimens are standard chemotherapy in the treatment of advanced bladder cancer: GC (cisplatin and gemcitabine) and MVAC (methotrexate, vinblastine, Adriamycin [doxorubicin], and cisplatin). Dose-dense MVAC has shown the best response rate among all platinum-based combination therapy, although toxicities of the MVAC regimen have maneuvered many in the oncologic community to GC. Although with significant initial response up to 70% in patients, most patients eventually do relapse after first-line chemotherapy and become in need of second-line chemotherapy. Several single agents that have been tested have demonstrated response rates up to 20% and PFD benefit of less than 3 months. These agents include vinflunine, pemetrexed, single-agent taxanes, ifosfamide, and oxaliplatin.
Vinflunine is the only agent to have been evaluated in large phase 3 setting [1•] . In this study, 370 previously treated patients with advanced bladder cancer were randomly assigned to vinflunine and best supportive care. Objective response was seen in 9% of patients with a survival benefit of 2.3 months, although it did not reach statistical significance (6.9 vs 4.6 months; HR 0.88; 95% CI, 0.69-1.12). Vinflunine is approved in European community for second-line treatment in bladder cancer. Pemetrexed, an antifolate that has been studied in a phase 2 setting, showed modest response rate of 6% with median survival of 10 months [2, 3] . Pemetrexed also has been studied in combination with gemcitabine without showing improvement in efficacy compared to single-agent gemcitabine [4] . Pemetrexed is currently approved in the second-line setting as a single agent in urothelial carcinoma. Ixabepilone and eribulin also are newer chemotherapeutic agents that have shown some activity in urothelial cancer in second-line setting, although further definitive studies are required to establish their role in the treatment of this patient population.
Abraxane (Celgene Corporation, Summit, NJ), a nanoparticle albumin-bound paclitaxel, also was studied in a phase 2 setting, the results of which were reported at the annual American Society of Clinical Oncology genitourinary cancer symposium in 2011 [5] . This study showed 33% with objective response and 58% of patients having either an objective response or stable disease. Although interesting, for definitive results, larger studies will be needed to evaluate its efficacy compared to standard paclitaxel. Abraxane is also being evaluated in other stage settings such as for intravesical therapy in BCG (Bacillus Calmette-Guérin) refractory cancers.
Targeted Therapy

VEGF Inhibitor Therapy
As with other solid tumors, the rationale of tumors necessitating blood vessels for growth and metastasis have shown to be likewise pertinent in the progression of bladder cancer. Preclinical studies as well as retrospective studies have shown significant correlation between degree of microvessel density as well as VEGF expression with prognosis of patients with advanced bladder cancer. Building upon these studies, clinical trials involving antiangiogenic therapy added to a platinum-containing chemotherapy backbone have shown success in phase 2 settings and moving forward [6••, 7] . One such example is bevacizumab, a monoclonal antibody of VEGF. In a phase 2 clinical trial involving 43 patients in metastatic setting in combination with GC, there were complete response in 9 patients (21%) and partial response in 22 (51%), resulting in an overall response rate of 72% [6••] . Furthermore, stable disease was observed in seven patients (16%). With a median followup of 27.2 months, median progression survival was 8.2 months with a median overall survival of 20.4 months. Side-effect profile was not insignificant, however, with grade 3/4 hematologic toxicity including neutropenia in 35%, thrombocytopenia in 12%, anemia in 12%, and neutropenic fever in 2%. Grade 3/4 nonhematologic toxicity included deep vein thrombosis/pulmonary embolism in 21%, hemorrhage in 7%, hypertension in 5%, and proteinuria in 2%. Three treatment-related deaths (one central nervous system hemorrhage, one sudden cardiac death, and one aortic dissection) were observed. A phase 3 intergroup randomized study is underway to further investigate the efficacy as well as side-effect profile of the addition of bevacizumab to GC chemotherapy in chemo-naïve advanced bladder cancer patients [7] .
Sunitinib is a multikinase inhibitor (including VEGF), and its effect in bladder cancer patients also has been tested. In a phase 2 study involving 37 cisplatin-ineligible patients, sunitinib monotherapy showed partial remission (PR) in 3 patients (8%), stable disease in 14 patients (53.8%) lasting more than 3 months with clinical benefit rate of 62%, and median PFS of 5.9 months [8•] . A larger study will be needed to confirm its activity, in which case, antiangiogenic agent may prove to be an alternative modality and/or a modality via which systemic chemotherapy can be delayed in "unfit" patients with advanced bladder cancer. Sunitinib also has been tested in relapsed or refractory patients, with activity in these settings with modest PFS of 2 months [9] . Sunitinib also has been combined with GC in the front-line setting in patients with advanced bladder cancer [10] although this combination proved to be intolerable. Another multikinase inhibitor of angiogenesis, sorafenib, in combination with GC was evaluated, unfortunately without significant improvement in efficacy compared to GC backbone [11] .
Furthermore, everolimus has been evaluated in secondline setting based on the observation that there is overexpression of activated mammalian target of rapamycin (mTOR) pathway markers including phosphor-S6 and phosphor-4E bP1 in invasive transitional cell carcinoma specimens [12] . The study showed median PFS of 3.3 months, which is comparable with currently available second-line chemotherapy [13] .
Results from the mentioned series of phase 2 trials do suggest the relevance of inhibition of angiogenesis blockade in the treatment of advanced bladder cancer, although some agents are better tolerated than others and some are more efficacious than others. Several trials involving other angiogenic factors, including fibroblast growth factor receptor (FGFR) inhibitor [14•] , are ongoing. Importantly, a randomized phase 3 intergroup trial evaluating the efficacy of bevacizumab is currently ongoing accrual as mentioned above and results will shed more definitive light on the efficacy of addition of antiangiogenic therapy to existing systemic chemotherapy backbone.
EGFR Pathway
Preclinical studies showed that EGFR regulates normal urothelial regeneration [15] , and further studies showed that overexpression of EGFR in urothelium elicited urothelial hyperplasia and promoted bladder tumor growth [16] . Furthermore, EGFR was shown to be overexpressed in bladder tumor, and the degree of EGFR expression also has been shown to be associated with poorer prognosis and advanced stage and grade, which provided rationale for targeting the EGFR pathway in the treatment of urothelial carcinoma [17, 18] .
Cetuximab is a monoclonal antibody to EGFR and is being studied in combination with existing chemotherapy in advanced bladder cancer. A phase 2 randomized study in second-line setting with or without paclitaxel was conducted. The cetuximab arm closed after 9 of the first 11 patients progressed by 8 weeks. Of the 39 patients enrolled in the study, overall response rate of 28.5% was observed in the combination arm. Four additional patients had unconfirmed PR. Median PFS for the cetuximab-paclitaxel arm was 115 days (16 weeks [95% CI; 58-174 days). Grade 3 adverse events occurring in more than two patients were rash (n05), fatigue (n04), anemia (n04), and low magnesium (n03). This study showed that EGFR inhibition with cetuximab appears to augment the antitumor activity of paclitaxel in patients with previously treated urothelial cancers, warranting further study [19] . Cetuximab is also being examined in front-line setting in combination with GC in a study for which accrual is complete and results are awaited [20] .
Gefitinib, an EGFR tyrosine kinase inhibitor (TKI), is also undergoing testing in urothelial cancer in various settings with some disappointing results. In second-line setting, it showed minimal activity in phase 2 trial, with only 1 partial response out of 31 patients and estimated median survival of 3 months [21] . Gefitinib also has been combined with cytotoxic chemotherapy GC in several phase 2 studies, one of which closed prematurely due to excessive toxicity, another showing similar response rate and overall survival compared to placebo arm [22, 23] . Role of gefitinib as a maintenance therapy after optimal response to systemic chemotherapy is also undergoing evaluation. This study has completed accrual and results are not yet available [24] .
HER2/neu overexpression provided rationale for the investigation of trastuzumab in urothelial carcinoma in recent years as well. It has been combined with carboplatin, gemcitabine and paclitaxel combination regimen in HER-2/neu overexpressers by immunohistochemistry or fluorescent in situ hybridization [25] . This study showed response rate of 70%, progression survival of 7 months, and overall survival of 14 months, results of which are not dissimilar from the combination chemotherapy without trastuzumab. Another phase 2 study of trastuzumab as a single agent has completed accrual and results are pending [26] .
Other agents include erlotinib, a TKI to HER1 and HER2, is also being evaluated in both neoadjuvant and adjuvant setting in muscle-invasive bladder cancer [27] . Furthermore, lapatinib, which blocks both HER2 and EGFR, is also being investigated in front-line as well as second-line setting in combination with standard chemotherapy and results are pending [28] .
Immunotherapy
Immunotherapy has been an attractive modality of therapy in many solid tumors for many decades and currently has gained significant momentum in the treatment of many solid tumors, including prostate cancer (with the first ever vaccine approved for cancer treatment), renal cell cancer, melanoma, and breast cancer among others. Bladder cancer is a tumor type in which immunotherapy has been proven to serve a role. In preclinical studies, BCG induced tumor regression in mice models before transplantation of tumor cells as compared to mice that did not receive BCG, an observation that led to the first ever use of nonspecific immunotherapy: use of BCG in non-muscle-invasive bladder cancer. Built upon that success, immunotherapy has been continually studied in the treatment of bladder cancer including, most recently, vaccines and immune checkpoint inhibitors.
Vaccines
Several vaccines utilizing tumor cell antigens as relevant targets are undergoing testing in urothelial carcinoma. NY-ESO-1: is a cancer testis (CT) antigen, which has been shown to be expressed in up to 50% of patients with high-grade tumors of the bladder [29] . It is a highly immunogenic member of the CT antigen family, with up to 50% of patients whose tumors express NY-ESO-1 antigen mounting spontaneous humoral and cellular immunity [30] . Furthermore, tumor-infiltrating CD8-expressing T cells have been shown to be predictive of survival in patients, thereby providing further support relevancy of vaccine therapy in urothelial cancer [31, 32] . Based on the retrospective studies and preclinical studies described, NY-EXO-1 vaccine was evaluated in patients whose tumor expressed the NY-ESO-1 antigen in the adjuvant setting [33] . The vaccine was given in combination with intradermal BCG as well as subcutaneous granulocyte-monocyte colony-stimulating factor and was well tolerated. Of the six patients treated in the adjuvant setting, all developed antigen-specific immune responses, including antibody formation and/or CD8 or CD4 T cell responses.
Another vaccine utilizes the CT antigen melanomaassociated antigen 3 (MAGE-A3) as its target. One approach is using a peptide vaccine loaded onto autologous dendritic cells and another is a recombinant MAGE-A3 protein. Both strategies have shown evidence of immune responses in the treated patients, although at this time its clinical efficacy and utility have not been determined. Lastly, a dendritic cell vaccine in patients whose tumor expresses HER2 is also undergoing clinical testing in the adjuvant setting; accrual is ongoing.
Immune Checkpoint Inhibitors
The past decade has seen a promising new area of investigation in cancer immunotherapy: targeting of immune modulatory elements of the adaptive immune response. Rationale for the development of these immune modulatory agents (checkpoint inhibitors) are based on the studies that have shown that T cells recognize antigens associated with the major histocompatibility complex as the first signal, but that additional signals via coreceptors are required for optimal T cell recognition and generation of a potent and longlasting T cell immune response. These additional signals for optimal T cell priming involve agonist coreceptors, such as CD28, 4-1BB, and OX40, and inhibitory coreceptors, such as cytotoxic T-lymphocyte antigen-4 (CTLA-4).
Anti-CTLA-4 antibodies (eg, ipilimumab) have met with success in other solid tumors such as melanoma, gaining regulatory approval by the U.S. Food and Drug Administration in 2011. Currently, overcoming immune-inhibitory effects using immune checkpoint inhibitors are also undergoing testing in urothelial carcinoma. A study involving ipilimumab administration before cystectomy is ongoing, with primary end point of safety and secondary end point of identifying immunologic markers in both the tumor tissue as well as from peripheral blood correlated with drug dosing [34] . Traditionally considered to be an immunogenic tumor with the success shown with BCG, we hope to see further success with specific immune-targeting agents in the future in various settings of urothelial cancer, both in combination with existing cytotoxic chemotherapy as well as combination of immunotherapeutic agents.
Biomarkers
Aside from efforts in advancing therapeutic options in urothelial cancer, similar efforts are ongoing in discovering patient specific biomarkers in the hopes of maximizing therapeutic index. One novel method of selecting agents is the coexpression extrapolation (COXEN), which evaluates differential gene expression in a set of cell lines with known sensitivity, which is then used to extrapolate the signature of an unknown patient sample [35] . Stemming from its success in predicting sensitivity to either cisplatin or paclitaxel in the past, the interest is high in the bladder cancer community in validating and utilizing the COXEN algorithm in directing selection of therapeutic agents in the treatment of patients with urothelial carcinoma. Further information is available at www.COXEN.org.
Mutation status of p53 tumor suppressor and its role as a biomarker in urothelial carcinoma remains unclear at this time. Several studies have shown conflicting results: some suggest that p53 mutation is correlated with poor prognosis and resistance to MVAC chemotherapy, where other studies suggest poor prognosis but increased sensitivity to MVAC or similar combination regimen [36] [37] [38] [39] [40] . Other studies did not show any correlation in predicting regimen sensitivity or in prognostication [41•] . Whether p53 mutation status will serve either as a predictive or prognostic tool remains to be determined. Other potential biomarkers include multidrug resistance p-glycoprotein, multidrug resistance-associated protein, glutathione, metallothioneins, and ERCC-1, but further studies are needed to validate these markers to establish their potential clinical utility [42] [43] [44] [45] [46] [47] .
Conclusions
Platinum-based cytotoxic chemotherapy remains the first-line mainstay of treatment of urothelial carcinoma in various settings, including neoadjuvant, adjuvant, and metastatic disease. Several agents have been studied and are under investigation in second-line setting, with modest benefit and much to be desired in making strides against this disease. Recently, many other avenues of therapies are also being explored, including targeted therapy evaluating molecular pathway inhibition, such as the EGFR and VEGFR pathways, in the hopes of improving prognosis in patients with urothelial cancer, although striking results have not yet been seen and additional studies are currently ongoing, with their respective results awaited. Immunotherapy constitutes another area of focus in therapeutic strategy of urothelial carcinoma which poses an intriguing and cautious promise for the future. Lastly, studies have evaluated different molecular markers such as p53 mutation status and drug resistance-associated proteins as potential predictive and/or prognostic biomarkers, mostly with conflicting results. The most recent addition to potential biomarker is the COXEN model, molecular profiling of patients for unique patient-directed therapy, which may be used as a tool for maximizing clinical benefit with optimal therapeutic index. Further studies with larger cohorts of patients plus welldesigned clinical trials with prospective validation would be needed in establishing their clinical utility.
Disclosures Dr. Jenny J. Kim has served on an advisory board for Genentech.
References
Papers of particular interest, published recently, have been highlighted as:
• Of importance •• Of major importance
